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Abstract<<5fEP1 279 95S 
The invention relates to s helium ionisation 
detector comprising: 

a helium supply section (2); 

an ionisation section (3) through which the helium 

flows in order to create a plasma; 

a detector body (12) providing a detection zone 

wherein the plasma meets components to be 

quantified, the components being eluted from a 

gas chromatographic separation device (13). 

According to the invention, the ionisation holder 
and/or the detector body are designed in such a 
way that the detection zone is predetermined and 
restricted. 
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Helium ionization detector 



Description of EP1 279955 



[0001] This invention relates to the field of gas chromatography detectors and particularly to helium gas 
chromatography detectors. Preferred applications of the detector of the invention are dedicated to 
characterising and/or quantifying compounds from a natural gas or hydrocarbon liquid at the end of a 
chromatographic separation process. 

[0002] It is of particular importance to determine the various compounds constituting either gas or oil 
produced from a borehole. Actually, these data provide an understanding of the value of both the well and 
the effluent Issued therefrom. Moreover, acquiring such data during the entire well production process 
allows determination of the evolution of the composition of the "pay zone", and consequent monitoring of 
the well production. 

[0003] Gas chromatography is a known technique for separating components from a mixture, and 
characterising and quantifying each of them. This analysis needs a detector that Is sensitive to all of the 
components of interest and give a response that is proportional to their quantity. The Helium lonisation 
Detector is a recent development in the world of gas chromatography as a universal and sensitive means 
of detection. The principle of this detector is the following: 

a helium stream flows through a pair of spark electrodes that are connected to a high voltage source to 
create an electric arc inducing a plasma from the helium stream, 

the electrons of the plasma, when returning to their stable state, release their excess energy as photons, 
the photons ionise components eluting from a chromatography column after a chromatographic separation 
process of a mixture to be tested, 

these produced ions are trapped on a collecting electrode, opposite the spark electrodes in the detector, 
where collected current is measured. The intensity of the various current peaks, each corresponding to a 
compound of the mixture, thus indicates the proportion of said compound in the tested mixture. 



[0004] Such detectors are already described in several former publications, e.g. US 5,394,091. This 
document discloses a discharge system wherein photons are emitted from a pulsed spark discharge. The 
photon spectra are primarily a broad band source of excitation. The spark interacts with a flowing helium 
stream to thereby provide the necessary photon emission. In this system, the apparatus utilises a pair of 
spaced electrodes that provide a transverse spark across the gap between the electrodes so that the 
photon emission occurs. The main problems encountered with these detectors are related to inaccuracy of 
the composition results. These detector apparatus are very sensitive to various construction factors such 
as the manner in which the electric arc is induced, the design of the collecting electrodes, and the 
alignment difficulties encountered when assembling the different parts of the detector. All of these reasons 
lead to residual noise and stability problems of the plasma, the ionisation area and the collecting area. 

[0005] One object of the invention is thus to provide a detector that is more reliable than those currently 
available. Another object is to provide a detector that is constructed in such a way that any noise factor is 
significantly decreased or avoided. 

[0006] The present invention provides a helium ionisation detector comprising: 
a helium supply section part; 

an ionisation section through which the helium flows in order to create a plasma; and 

a detector body providing a detection zone wherein the plasma meets components to be quantified, the 

components being eluted from a gas chromatographic separation device. 



[0007] According to the invention, the ionisation holder and/or the detector body are designed in such a 
way that the detection zone is predetermined and restricted. 

[0008] As a result of the design of the detector body and/or of the ionisation holder, the helium detector of 
the invention permits precise definition of the area in which the plasma and the components to be 
quantified will meet. These technical features significantly enhance the accuracy of the detector of the 
invention by drastically decreasing the noise encountered when compared to existing detectors. The 
design of the detector allows creation of a "sharp" detection area wherein any stability problem of the 
plasma is avoided because the loss of detected components particles, as is encountered in the detectors 
of the art where the detection zone is vague and too wide, is avoided. 

[0009] In a preferred embodiment of the invention, the ionisation section contains parts of the ionisation 
system of the helium flow, the parts being self centred in the ionisation section by the helium supply 
section. 
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rne space Deiween tne airrerent pans ot ine lonisation system Deing avoiaea. r-urcnermore, me seir- 
centred link between the helium supply section and the ionisation section avoids any noise due to 
misalignment when mounting the components as is found in the detector known in the state of the art. 

[001 1] Preferably, the parts of the ionisation system comprise a spark electrode assembly, the assembly 
comprising an anode and a cathode that are both bonded in an insulating cylinder. 

[0012] By providing both the cathode and the anode in a single rigid device, any misalignment problems 
are avoided when one of these elements needs to be replaced. According to the detector of the invention, 
the entire cathode/anode/cylinder assembly can be changed in such a case, thus avoiding any defect 
when mounting the new assembly in the detector. 

[0013] In a preferred embodiment of the invention, the anode and the cathode tips are designed in such a 
way that the spark is always created at the same place. 

[0014] This characteristic also permits significant enhancement of the accuracy of the detector of the 
invention. The fact that the spark Is always created at the same place leads to the creation of a stable and 
space delimited plasma from the helium flow. 

[0015] In an embodiment of the invention, the anode and the cathode are preferably made out of pure 
tungsten. This features enables a significant increase in the lifetime of the electrode, mostly because the 
pure tungsten has a high melting point, which reduces the metal transport from one electrode to an other. 

[0016] Preferably, the parts of the ionisation process are insulated from the ambient air surrounding the 
ionisation section. Consequently, any: electrical arc outside the ionisation section is avoided, which would 
lead to unstable plasma and makes the detector unsafe. 

[0017] In a preferred embodiment of the invention, the detector body comprises a collecting electrode to 
which a potential is applied such that a modification of said potential is proportional to the amount of the 
components to be quantified. Preferably, the collecting electrode comprises first and second parts, the first 
part being a circular hollow part that is set around the output of the chromatographic separation device. 

[001 8] This characteristic also participates in drastically enhancing the accuracy of the detector of the 
invention. The design of the collecting electrode permits capture of every etuted component from the 
chromatographic separation device, after its interaction with the plasma. 

[0019] In a preferred embodiment of the invention, the detector body further comprises a tube that leads 
the plasma from the ionisation holder to the output of the gas chromatographic separation device. 
Preferably, the design of the tube enhances the speed of the plasma towards the output of the gas 
chromatographic separation device. This characteristic increase the stability of the plasma and also 
permits to locate precisely the detection zone by providing a "sharp" plasma flow towards the components 
to be quantified. 

[0020] Additional objects and advantages of the invention will become apparent to those skilled in the art 
upon reference to the detailed description taken In conjunction with the provided figures: 

Figure 1 is a view of a helium ionisation detector according to the invention, 

Figures 2 and 2a are detailed views of the spark electrode assembly according to the invention, and 
Figures 3 and 3a are detailed views of the collecting electrodes according to the invention. 



[0021] Figure 1 shows a complete view of the helium ionisation detector according to the invention. The 
figure 1 thus represents a helium detector 1, which is used for identifying and quantifying compounds from 
a natural gas or hydrocarbon liquid at the end of a chromatographic separation process. 

[0022] The chromatographic separation column, not shown, is of the type known in the art. This typical 
column comprises a mobile phase and a stationary phase. The mobile phase comprises a carrier gas 
(helium in the preferred embodiment of the invention) into which a sample of gas (or liquid hydrocarbon) 
containing one or more sample compounds is injected. The stationary phase comprises one or more solid 
or liquid constituents within the column which exhibit different retention times for the "unknown" sample 
compounds. The sample of gas containing unknown compounds is injected over a relative short period of 
time into the carrier gas flow, near the input of the column. Sample compounds are retained for different 
times by the stationery element of the column, and then subsequently released. Upon release, each type 
of compound is swept by the carrier gas from the column and discharged in the form of a "peak" or 
maxima in concentration in the carrier gas. The column thus separates sample compounds by eluting 
them in the form of concentration peaks in the output carrier gas at varying times. The chromatographic 
separation process does not quantify the concentrations of the sample compounds, but does separate 
multiple compounds for further analysis using the helium ionisation detector 1 of the invention, wherein the 
eluted gas from the column, which consists in helium carrier gas and separated compounds, collide with 
the photons created inside the detector as will be explained below. 

[0023] As shown in figure 1, the detector 1 comprises a helium supply section 2, wherein helium is 
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• imroaucea at constant now rate according to a weii-Known process, not snown. An lonisation section j, 
designed to enclose all parts of the ionisation process, follows the helium supply section 2. Actually, the 
lonisation section 3 contains a recess 3a where a spark electrode assembly 5 is situated. The helium 
introduced in the helium supply section 2 thus flows through the ionisation section 3 in order to create a 
plasma when a high voltage is applied to the spark electrode assembly 5. Both sides of this spark 
electrode assembly are sealed with PTFE gasket 4 and 6. The gasket 6 is pressed against an abutment in 
the recess 3, the spark electrode assembly 5 is pressed against the gasket 6 and the gasket 4 is pressed 
against the assembly 5 by a compression-threaded part 2a of the helium supply section 2. Consequently, 
inside the ionisation section 3, the spark assembly 5 is seated and sealed with the gaskets 4 and 6 that 
are self-centred by the recess 3 and the threaded-part 2a. The helium supply section 2 is thus used as a 
compression means to maintain all ionisation holder parts together, ensuring a good seal and connection 
to the ionisation helium stream. 

[0024] As showed in detail in figures 2 and 2a, the spark electrode assembly 5 comprises an insulating 
cylinder 5a, wherein two electrodes are bonded, an anode 5c and a cathode 5b. Both the cathode and the 
anode are electrically connected to a high voltage source, not shown, through electrical connectors 7 and 
8. In a preferred embodiment of the invention, the cylinder 5a is made of ceramic (electrically inert and 
heat resistant) and the electrodes are bonded inside it with high temperature resistant glue and with a high 
accuracy as far as centring and gap are concerned. Preferably, both the anode 5c and the cathode 5b are 
made of pure tungsten rod. This feature enables a significant increase in the lifetime of the electrodes, 
mostly because the pure tungsten has a high melting point, which reduces the metal transport from one 
electrode to the other. The design of the spark electrode assembly 5 reduces significantly the noise 
problems encountered with the detectors known in the state of the art This design creates a stable 
plasma, which participates in providing a restricted and predetermined emission zone in the detector of the 
invention, as it will be further explained below. Three different aspects are to be considered in this 
assembly 5. 

[0025] First, the way the assembly is mounted significantly reduces any misalignment and subsequent 
perturbation in the area where the spark is supposed to be created. The fact that both electrodes are 
bonded Into the ceramic cylinder 5a makes the assembling process much easier when installing a new 
electrode or when cleaning the detector. There is no need for alignment because the electrodes only need 
to be inserted in the cylinder. The cathode and the anode also have preferentially two different diameters, 
which prevent any erroneous connection of the power supply polarities. In a preferred embodiment of the 
Invention, the cathode is made of a 1,6mm diameter pure tungsten rod and the anode is made of a 0,5mm 
diameter pure tungsten rod. 

[0026] Second, the anode and cathode tips are designed in such a way that the spark is always created a 
the same place, and with the same shape when applying a DC voltage between said spark electrodes: in 
a preferred embodiment of the invention, the cathode has a flat polished tip and the anode has a sharp 25 
DEG tip, these electrodes being separated by a gap of 0,100mm. This feature ensures that the spark is 
located always at the tip of the sharp electrode, spaying on the flat zone of the cathode, which permits 
induction of a constant plasma shape. The resulting noise is therefore reduced to a minimum, as this often 
comes from a micro-displacement of the spark between two arcs in the detectors known in the state of the 
art. Furthermore, both electrodes are finely polished to an optical grade, which also avoids arc initiation at 
a surface defect, ensuring always the correct position of the spark. 

[0027] Third, any contact with the ambient air is prevented, thus avoiding the risk of initiation of an 
electrical arc outside the spark assembly 5. In a preferred embodiment of the invention, two PEEK 
(PolyEther Ether Ketone) sleeves 50b and 50c insulate each of the electrode 5b and 5c, which prevents 
any arc in the ambient air between the electrode and the spark assembly 5. 

[0028] Referring back to figure 1 , the spark excitation from the ionisation section 3 generates a plasma 
from the helium stream which in turn produces photons that are eluted from the ionisation section 3 toward 
a chromatographic column tip 13 via a tube 9. The column tip 13 is connected to electric ground and is set 
beyond a collecting electrode 11. The chromatographic column tip 13, the tube 9 and the collecting 
electrode 11 are inserted In a detector body 12. This detector body 12 is made of a standard elbow fitting, 
which is modified to include an additional pipe, , for connection to the wall of the chromatograph and allow 
the column insertion. Preferentially, the detector body 12 ts made of stainless steel and the tube 9 thus 
insulates the plasma, photons and ions from the body. An output part 30 of the ionisation section 3 is fixed 
into the detector body 12 in a sealed manner. Advantageously, the output part 30 is fixed with a standard 
compression fitting and a graphite ferrule that ensures electrical grounding. These features also permit the 
detector body 12 and the ionisation section 3 to be self-centred on one another. As it can be seen on 
figure 1 , the tube 9 seats against the collecting electrode 1 1 from one side and against the output of the 
ionisation section 3 from the other side. 

[0029] A potential is applied to the collecting electrode 1 1 and an electrometer measures the current 
passing through the system. When the different compounds exit the column tip 13, in order correspond to 
their nature, they are ionised by the photons of the helium stream in the area where the collecting 
electrode is situated. Consequently, the current passing through said electrode 11 is modified in a scale 
depending on the proportion in the mixture that is tested of each compound eluted from the column tip 13. 
The energy of photons produced in the electrode assembly is in the range of 13.5 - 17.7 eV, which is 
sufficient for ionising all component of interest in natural gas or petroleum liquids. 
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[0030] In a preferred embodiment of the invention, the tube 9 is made of borosilicate glass in order to 
improve the detector inertness. Furthermore, it is advantageous to decrease the internal diameter of this 
tube, compared to the tubes known in the art. Preferentially, the tube 9 has a 4 mm external diameter and 
a 2 mm internal diameter. The tube 9 thus precisely guides the plasma to the eluted compounds, and the 
linear velocity of the helium is increased, which reduces the diffusion of the compounds at the column tip. 
This feature avoids any re-mixing of the eluted compounds, which would be detrimental to the resolution of 
the detector as It can be seen in the detector known in the state of the art. 

[0031] As it can be seen in detail on figures 3 and 3a, the collecting electrode 1 1 is made in two parts 11a 
and 11b. The first part 11a is a circular hollow part, which is set concentrically around the column tip 13. It 
Is this part that detects the variation in the applied current, the part 11a being associated with the column 
tip 1 3 that is preferentially made of stainless steel and used as the second electrode for the collecting 
process. The design of this first part significantly enhances the resolution and accuracy of the detector by 
providing a restricted and predetermined detection zone where most of the eluted components to be 
quantified are trapped, after their collision with the plasma. The fact that the part 11a surrounds the 
column tip 13 allows a very precise detection of the current variation due to the eluted compounds. 

[0032] The second part 11 b of the collecting electrode is a rod that maintains it mechanically in the 
detector body 12, and includes a channel 11c for venting the detector gas to the atmosphere after 
detection by the first part 11a. A standard poly-imide insulating ferrule 12c and compression nut 12d 
isolate the interior of the detector body 12 and the passage of the second part 1 1b to the atmosphere. 

[0033] The overall design of the detector according to the invention thus provides very precise results 
when quantifying the various compounds in a gas or fluid mixture to be tested. Furthermore, most of the 
different parts of this detector being inserted and then insulated into one another, the assembly process is 
particularly simple and avoids any misalignment problem and subsequent noise. 
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Helium ionization detector 

Claims of EP 1279955 

1. A helium ionisation detector comprising: 

(i) a helium supply section (2); 

(ii) an ionisation section (3) through which the helium flows in order to create a plasma; and 

<iii) a detector body (12) providing a detection zone wherein the plasma meets components to be 
quantified, the components being eluted from a gas chromatographic separation device (1 3), 
characterised in that the ionisation section and/or the detector body are designed in such a way that the 
detection zone is predetermined and restricted. 

2. A helium ionisation detector according to claim 1 , wherein the ionisation section (3> contains parts (5, 
5a, 5b, 5c) of an ionisation system of the helium flow, the parts being self centred in the ionisation holder 
by thehelium supply section (2. 2a). 

3. A helium ionisation detector according to claim 2, wherein the parts of the »onisa ton system comprise a 
spark electrode assembly (5), the assembly comprising an anode (5c) and a cathode (5b) that are both 
bonded in an insulating cylinder (5a). 

4. A helium ionisation detector according to claim 3, wherein the anode (5c) and the cathode (5b) tips are 
designed in such a way that the spark is always created at the same place. 

5. A helium ionisation detector according to claim 3 or 4, wherein the anode and the cathode are made out 
of pure tungsten. 

6 A helium ionisation detector according to any of claims 2 to 5, wherein the parts of the ionisation system 
(5, 5a, 5b, 5c) are insulated from the ambient air surrounding the ionisation section. 

7. A helium ionisation detector according to any preceding claim, wherein the detector body (12) 
comprises a collecting electrode (11) to which a potential is applied such that a modification of said 
potential is proportional to the amount of the components to be quantified. 

8. A helium ionisation detector according to claim 7, wherein the collecting electrode (1 1> comprises first 
(11a) and second (1 1 b) parts, the first part being a circular hollow part that is set around the output of the 
chromatographic separation device. 

9. A helium ionisation detector according to claim 8, wherein the second part (1 1 b) of the collecting 
electrode includes a channel (11c) for venting the components to be quantified to the atmosphere. 

10. A helium ionisation detector according to any preceding claim, wherein the detector body (12) further 
comprises a tube (9) that leads the plasma from the ionisation section (3) to the output (13) of the gas 
chromatographic separation device. 

1 1 A helium ionisation detector according to claim 1 0, wherein the design of the tube (9) enhances the 
speed of the plasma towards the output (1 3) of the gas chromatographic separation device. 

1 2. A helium ionisation detector according to any preceding claim, wherein the ionisation section (3) and 
the detector body (12) are linked in a self centred and sealed manner. 
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